Ambiguities in Un-Differenced Observables
• Until ~2007 considered as difficult, if not impossible, due to non-integer character of ambiguities in un-differenced observables
• For example, the one-way carrier phase observation equation from receiver k to satellite i with frequency m and wavelength λ m can be written as (e.g. Goad, 1985; Blewitt, 1989; Gabor & Nerem, 1999; Ge et al., 2008) :
where the carrier-phase ambiguity with being the integer ambiguity, and and being the fractionalcycle biases (FCB) in receiver and transmitter
• First attempt to overcome these FCB was by Gabor & Nerem (1999) 
Methods for resolving integer ambiguities in un-differenced observables
• Estimate the fractional cycle biases (FCB) that are common for all involved PPP ambiguity estimates (e.g. Gabor and Nerem 1999; Ge et al. 2008; Geng et al., 2008; 2009; Mervart et al., 2008) • Estimate integer-recovery clocks (IRC) which absorb the FCBs (e.g. Laurichesse & Mercier, 2007; Delporte et al., 2007; Laurichesse et al. 2008; 2009 ) -mixing of satellite clocks and FCBs
• Provide ambiguity estimates derived from a global network solution based on PPP (for GIPSY OASIS 6.0; Bertiger et al. 2010) . In essence, doubledifference ambiguities are fixed to integers
• Estimate a "decoupled clock model" (Collins, 2008 , Collins et al. 2008 , 2010 Wide-lane and narrow-lane FCBs
• It can be shown that the carrier-phase bias term of the ionosphere-free combination can be written as (e.g. Ge et al., 2008 ):
• where is the narrow-lane (NL) and the wide-lane (WL) carrier phase bias.
• In order to remove receiver specific FCBs one can form between satellite single differences (SD).
• The SD carrier phase bias term can be shown to be:
• where and denote the SD NL and WL FCB, and and the SD NL and WL integer phase ambiguities, respectively.
Determination of the FCBs
• Using the Melbourne-Wübbena combination observable the WL FCB can be determined from
• where ⟨•⟨ denotes averaging over all stations and [•] denotes the rounding operation.
• Once is determined, can be fixed to an integer.
• The NL FCB can then be estimated from
• with
• Daily mean WL FCB can be considered as stable over days to months (e.g. Gabor & Nerem, 1999; Ge et al., 2008; Geng et al., 2009; Laurichesse & Mercier, 2007) • However, the NL FCBs need to be estimated more frequently:
• FCB-based method for PPP ambiguity resolution
• Service providers: estimate satellite-dependent FCBs with un-differenced ambiguity estimates from a GNSS network solution, and deliver FCBs to users
• PPP users: correct un-differenced ambiguity estimates with FCBs, and attempt integer resolution on un-differenced ambiguities IRC-based method for PPP ambiguity resolution
• Service providers: estimate satellite IRCs by fixing un-differenced ambiguities to integers in advance in a GNSS network solution, and deliver these IRCs to users
• PPP users: apply IRCs, instead of the official clock products by IGS, in PPP data processing, and attempt integer resolution on un-differenced ambiguities How do these two methods agree and differ?
• In theory, the ambiguity-fixed estimates of these two methods are identical (Geng et al. 2010) • The key difference between the two methods is the separation of the FCBs from the integer ambiguities -FCB-based method: average the fractional parts of all involved ambiguity estimates every 15 minutes to estimate FCBs -IRC-based method: assimilate the fractional parts of all involved ambiguity estimates to epoch-wise clocks to estimate IRCs
• What is the impact of this difference on the positioning quality?
• To investigate ambiguity-fixed positions, we use -In this case, it would not be necessary to separate FCB and clock products in the FCB-based method. They can be combined.
• FCB-based method is compatible with current official clock-generation methods within IGS -Users can apply the current IGS clock products + the FCB product
• IRC-based method is not compatible -Users apply the IRC clock products
• But IRC-based method can lead to slightly better positioning quality (at the sub-millimetre to millimetre level), especially in areas with sparse networks
